Purpose: This AQ1 study investigates the effects of left-and right-hemisphere damage (LHD and RHD) on the production of idiomatic or literal expressions utilizing acoustic analyses. Method: Twenty-one native speakers of Korean with LHD or RHD and in a healthy control (HC) group produced 6 ditropically ambiguous (idiomatic or literal) sentences in 2 different speech tasks: elicitation and repetition. Utterances were analyzed using durational and fundamental-frequency (F0) measures. Listeners' goodness ratings (how well each utterance represented its category: idiomatic or literal) were correlated with acoustic measures. Results: During the elicitation tasks, the LHD group differed significantly from the HC group in durational measures.
S
peech is composed of segmental and suprasegmental features. The segmental aspects of speech are related to the characteristics of individual phonemes such as consonants and vowels. The suprasegmental features of speech refer to prosody, which includes pitch, loudness, and duration, and manifests itself acoustically as fundamental frequency (F0), intensity, and a variety of durational parameters (Baum & Pell, 1999; Gussenhoven, 2001; Kent, Weismer, Kent, Vorperian, & Duffy, 1999; Lehiste, 1970 Lehiste, , 1972 ; J. J. Sidtis & Van Lancker Sidtis, 2003) .
Prosody plays an important role in communication. Prosody can indicate lexical stress, establish focus, distinguish given and new information, segment grammatical structures, convey emotions and attitudes, and signal personal identity (Baum, Pell, Leonard, & Gordon, 1997; Kreiman & Sidtis, 2011 ; J. J. Sidtis & Van Lancker Sidtis, 2003) . It has also been reported that prosodic features play a significant role in signaling the speaker's intention to convey literal or nonliteral meanings, as in idioms (Ashby, 2006; Lin, 2013) , as reported for Swedish (Hallin & Van Lancker Sidtis, in press ), American English (Van Lancker, Canter, & Terbeek, 1981) , Korean (Yang, Ahn, & Van Lancker Sidtis, 2015) , and French (Abdelli-Beruh, Yang, Ahn, & Van Lancker Sidtis, 2007) .
Hemispheric Specialization for Prosodic Cues
Considerable research has investigated whether the processing of auditory-acoustic cues associated with speech relies on hemispheric specialization. The term prosody is used to refer to the functional, nonsegmental auditoryacoustic cues associated with speech. Functions of prosody are many, encompassing the conveyance of attitudes, emotions, numerous aspects of discourse structure, and levels of grammatical contrast. Studies have addressed the role of the respective cerebral hemispheres in production and comprehension of the prosodic elements of speech. Following neurological impairment, failure to produce and/or comprehend selected prosodic cues of speech can arise from several neurobehavioral conditions, including motoric loss of pitch or timing control, abulia (motivational deficit), mood disturbance, or cognitive impairment (J. J. Sidtis & Van Lancker Sidtis, 2003) . There is evidence supporting a role of the right hemisphere in the production and comprehension of some prosodic elements, especially pitch (J. J. Sidtis, 1980) , as well as in signaling selected linguistic and emotional information (e.g., Baum & Dwivedi, 2003) . In contrast, studies have shown that the left hemisphere is important for production and comprehension of identifiable temporal aspects of prosody (Robin, Tranel, & Damasio, 1990; Zatorre & Belin, 2001) . In several studies, both hemispheres have been implicated in prosodic processes (e.g., Ross, Shayya, & Rousseau, 2013) , although possibly for different reasons (Pell, 2006; Van Lancker & Sidtis, 1992) .
Two specific hypotheses proposed to explain hemispheric asymmetry for auditory processing were considered in this study: the functional lateralization hypothesis (Gandour et al., 2003; Van Lancker, 1980 ) and the acoustic cuedependent hypothesis (Robin et al., 1990; Van Lancker & Sidtis, 1992) . For prosody, the functional lateralization hypothesis holds that acoustic elements of prosody will be relegated to the left or right hemisphere, respectively, depending on whether a linguistic or nonlinguistic function is involved. A number of studies led to this proposal. Using the dichotic listening paradigm, stress on words yielded better left-hemisphere performance, whereas stress patterns alone were better perceived in the right hemisphere (Behrens, 1985) . Pitch contrasts in tones of a tone language were processed better in the left hemisphere of native speakers of Thai but not American English (Van Lancker & Fromkin, 1978) . In examining persons with brain damage, lefthemisphere damage (LHD) was found to disrupt production and perception of tone contrasts in speakers of tone languages (Gandour & Dardarananda, 1983) , findings later supported by results from functional imaging in healthy speakers (Hsieh, Gandour, Wong, & Hutchins, 2001; Klein, Zatorre, Milner, & Zhao, 2001) . In probing perception of affective prosody in tone languages, prosody associated with emotion was reportedly lateralized to the right hemisphere (Edmondson, Chan, Seibert, & Ross, 1987) . In a similar vein, using emotional prosodies in speakers of English, individuals with right-hemisphere damage (RHD), compared with individuals with LHD, demonstrated poor performance, suggesting right-hemisphere superiority in processing emotional prosody (Blonder, Pettigrew, & Kryscio, 2012; Heilman, Scholes, & Watson, 1975; Ross & Mesulam, 1979 ; but see also Cancelliere & Kertesz, 1990) .
For this study, the functional lateralization hypothesis addressed an alleged superiority of the right hemisphere in modulating pragmatic abilities in language use (Cheang & Pell, 2006; Dronkers, Ludy, & Redfern, 1998; Mackenzie & Brady, 2004; Weed, 2011) . A relative paucity in the proportion of formulaic expression in the spontaneous speech of persons with RHD, compared with persons with LHD, has been documented (D. Sidtis, Canterucci, & Katsnelson, 2009; Van Lancker Sidtis & Postman, 2006) . Deficits in processing nonliteral expressions have been reported (Van Lancker & Kempler, 1987; Winner & Gardner, 1977) . Although controversies and counterexamples have emerged (Giora, Zaidel, Soroker, Batori, & Kasher, 2000; Papagno, Curti, Rizzo, Crippa, & Colombo, 2006; Papagno, Tabossi, Colombo, & Zampetti, 2004) , it has been a consistent finding for about three decades that persons with RHD exhibit impairment in measures of pragmatic language, including inference, nonliteral meanings, and social conversational settings (Cutica, Bucciarelli, & Bara, 2006; Joanette, Goulet, Hannequin, & Boeglin, 1990; Kaplan, Brownell, Jacobs, & Gardner, 1990; Martin & McDonald, 2006; Myers, 2005; Wapner, Hamby, & Gardner, 1981) .
The acoustic cue-dependent hypothesis posits the possible superiority of each hemisphere for the comprehension and production of specified acoustic cues within speech prosody (Robin et al., 1990; Van Lancker & Sidtis, 1992) . That is, in this view, the left hemisphere is biased for the comprehension and production of temporal cues, and the right hemisphere is biased for the comprehension and production of pitch information (Pell, 1999; Robin et al., 1990; Shah, Baum, & Dwivedi, 2006; J. J. Sidtis, 1980; Van Lancker & Sidtis, 1992; Zatorre, 1997) . Performance on a given stimulus will depend on the relative roles of temporal versus pitch information carried by the stimulus. Acoustic analyses of speech prosody produced by individuals with LHD and RHD have yielded consistent results showing impaired control of temporal parameters in individuals with LHD Gandour & Baum, 2001; Grela, 1999; Ouellette & Baum, 1994; Seddoh, 2004 Seddoh, , 2008 Shah et al., 2006; Schirmer, Alter, Kotz, & Friederici, 2001; Van Lancker Sidtis, Kempler, Jackson, & Metter, 2010; Walker, Joseph, & Goodman, 2009 ) but relatively preserved ability to control durational (and other prosodic) cues in individuals with RHD Schirmer et al., 2001; Walker, Pelletier, & Reif, 2004) . Investigations of the control of F0 in individuals with LHD have yielded mixed results Cooper, Soares, Nicol, Michelow, & Goloskie, 1984; Danly & Shapiro, 1982; Gandour & Baum, 2001; Ouellette & Baum, 1994; Schirmer et al., 2001; Walker et al., 2009) . For this study, speech productions of idioms and their literal counterparts were acoustically analyzed to determine the relative contribution of the cerebral hemispheres to the integrity of F0 and durational cues. that speech task may be an important factor in speech performance. Restricting studies to samples derived from only one kind of task-for example, repetition-may not yield results that can be generalized to typical language use. Although studies of task effects on motor speech disorders have become plentiful, only a few investigations have been conducted regarding the differential effects of speech tasks in individuals with speech-language disorders due to cerebrovascular accidents.
It is well known that repetition and spontaneous speech can be relatively differentially affected or preserved in aphasic disturbance (Goodglass & Kaplan, 1972) , leading to differential diagnosis, for example, of conduction versus transcortical aphasia. Further, repetition competence can emerge in different forms. In one study, an individual with aphasia who, by diagnostic criteria, suffered a reduced ability to repeat on command was observed to successfully use repetition in conversation (Oelschlaeger & Damico, 1998) . It was our goal to exactly equate and acoustically measure speech samples obtained from repetition and elicitation for idioms and their literal counterparts across persons with LHD and a diagnosis of mild aphasia and those with RHD, as compared with matched speakers in a healthy control (HC) group. Thus, in gathering and analyzing speech samples, this study included two different speech tasks: elicitation and repetition. These tasks differ in terms of speech planning and control. Elicited speech, which is defined in our study as the free production of sentences given contextually biased linguistic contexts, is meant to simulate spontaneous speech as closely as possible, requiring the initiation of speech planning and control. Repeated speech is the repetition of the same sentences presented and modeled by the examiner. This design enabled a direct comparison of these two tasks using the same sentences.
Goals of the Study and Hypotheses
The study investigated the extent to which literally produced utterances compared with idiomatically produced utterances in a matched ditropic pair are successfully differentiated in production by persons with unilateral brain damage. The main question of this study was whether distinctive neural circuitry is involved in the production of different auditory-acoustic cues for these two different types of utterances. Acoustic analyses of prosodic attributes for different types of sentences produced by individuals with and without brain damage were conducted, with samples acquired in two different speech tasks: elicitation and repetition.
On the basis of the cue-dependent hypothesis, individuals with LHD are expected to have difficulty controlling temporal cues, whereas individuals with RHD are expected to have difficulty with the control of F0. On the basis of the functional lateralization hypothesis, because of background studies showing that RHD is associated with pragmatic deficits, individuals with RHD may be at a selective disadvantage in producing idiomatic utterances that are distinguishable from their literal counterparts.
Method

Data Acquisition
Speakers
Twenty-one native speakers of Korean participated: seven individuals with RHD, seven with LHD, and seven age-and education-matched individuals in the HC group. Demographic and clinical attributes of all speakers are presented in T1   Tables 1 and   T2 2. The speakers ranged in age from 56 to 72 years and in education from 9 to 18 years. Study speakers were right-handed native speakers of Korean, born and educated in South Korea. Healthy speakers had no history of speech-language disorders, or any major medical, other neurological, or psychiatric conditions. Individuals with brain damage had all sustained a single unilateral lesion due to cerebrovascular accident at least 6 months prior to testing. Confirmation of the lesion site for each speaker was obtained from a computedtomography scan or magnetic resonance imaging (see Tables 1 and 2 ).
All study speakers with LHD and aphasia were administered the Korean version of the Western Aphasia Battery (K-WAB; Kim & Na, 2001 ) to determine their language abilities. The K-WAB was also administered to individuals with RHD and to the HC group to confirm that they did not exhibit any language impairment. The severity of the aphasia, as determined by the Aphasia Quotient of the K-WAB, was mild to moderate for individuals with LHD, and individuals with RHD did not show any impairment in language. Individuals with RHD completed the Korean version of the Mini Inventory
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of Right Brain Injury (K-MIRBI) to detect the presence of neurocognitive deficits associated with RHD. For the subtests of the K-MIRBI related to the production of emotional prosody and proverb comprehension, the mean scores of individuals with RHD were, respectively, 1.86 and 2 (out of 2). These scores indicated that individuals with RHD did not reveal abnormal performance on the two subtests. Further, during speech-language evaluations by a trained speech-language pathologist, no speaker was observed to present with dysprosodic speech, aprosodia, conduction aphasia, or transcortical aphasia. The K-MIRBI was not administered to individuals with LHD, because the results can be invalid due to difficulties in speech and language. All speakers with brain damage met the inclusion criteria (mild-moderate aphasia) by scoring an Aphasia Quotient of 50 or above on the K-WAB. None of the individuals with brain damage exhibited any significant motor speech disorders affecting the speech musculature, such as dysarthria or apraxia, according to the evaluation by the speech-language pathologist.
Stimuli
Six Korean ditropic sentence pairs were utilized. The sentences were initially selected from a published list of idiomatic expressions derived from ratings of familiarity, meaningfulness, and literal plausibility (Libben & Titone, 2008) . Twenty native speakers of Korean then rated 20 idiomatic phrases using those parameters. The results were used to select the six ditropic-idiomatic sentences that obtained the highest ratings. All study sentences have a subject-verb-object structure. All stimuli are provided in the Appendix.
Procedure
Using these stimuli, target utterances were provided by speakers in the three study groups (RHD, LHD, and HC) using two different tasks: elicitation and repetition. Task instructions were given in that order to rule out the possible effect of prerecorded modeled utterances on the production of elicited utterances. The recordings were conducted in a quiet environment using a head-worn microphone maintaining a constant mouth-to-microphone distance of 2 in. Microphone position and recording gain settings were the same across all groups of speakers. Speakers first reviewed a written master list of the target sentences to familiarize themselves with the study material. For the elicitation task, speakers were instructed to produce spoken target utterances in response to a verbal and written situational context provided by the experimenter. Modeled utterances were not provided for the elicitation task. Using cards, social and verbal (linguistic) contexts in the form of possible scenarios were given in order to help the speakers to generate the target utterances with the intended meanings. For the ambiguous sentence " (He closed his mouth)," one linguistic context (During the police investigation, he did not say anything) referenced the idiomatic interpretation (He kept silent). The other linguistic context (After the oral surgery, he could not open his mouth) referenced the literal interpretation (He had his mouth closed ). Linguistic contexts for each target utterance used during the elicitation task are provided in the Appendix. Speakers were provided with cards written with the target sentences, their intended interpretations labeled as either idiomatic or literal, and the respective linguistic context for the idiomatic or literal interpretation. Before speakers produced the target utterances, the cards containing the written target sentences and their intended interpretations were taken away, in order to encourage speakers to produce the sentences in a natural manner. Familiarity with the stimuli and understanding of their meanings were confirmed by speakers' producing the target utterances. Speakers produced the target sentence first in its idiomatic interpretation and then in its literal interpretation (always in this order to minimize confusion). Speakers were allowed to revisit the master list of target utterances whenever they needed to. Twelve utterances were elicited (six with the idiomatic interpretation and six with the literal interpretation) per speaker.
The same sentences used in the elicitation task were used in the repetition task. Each utterance corresponding to the intended category (literal or idiomatic) was prerecorded by a native speaker trained to produce the utterances in a natural manner. For the repetition task, all speakers were asked to listen to the recording and repeat the recorded sentences as closely as possible. Speakers were informed of the intended meaning of each utterance before producing their response. 
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Acoustic Measurements
The stimuli were analyzed with the Praat software (Version 4.6.34; Boersma & Weenink, 2007) . Acoustic parameters were selected for differentiating idiomatic from literal counterparts on the basis of previous studies (Van Lancker et al., 1981) . Durational measures included overall sentence duration, variability of syllable duration, final-syllable duration, and percentage of pause duration in the whole sentence. In order to calculate variability of syllable duration, the duration of each syllable in the utterance was measured; variability of syllable duration was represented by the standard deviation. With respect to F0 measurements, the mean F0, standard deviation of F0 (SD F0), and F0 declination were computed. To allow for gender differences in F0, the raw F0 of literal utterances was subtracted from the raw F0 of idiomatic utterances, and then the number was divided by the raw F0 of literal utterances. Coefficients of F0 variation were calculated to measure SD F0. In order to compute F0 declination, percentages of F0 changes at the ends of sentences were measured to calculate the F0 changes between the last two syllables in the idiomatic as compared with the literal utterances.
Goodness-Rating Task
Forty native speakers of Korean were recruited to judge the goodness of each stimulus. The listeners were between 25 and 40 years old; ranged in education from 9 to 18 years; and were free of hearing deficits, speech-language disorders, and major medical, neurological, and psychological conditions. Listeners were instructed to rate each item individually on a scale of 1 (very poor) to 5 (good ) on presentation of the stimulus item. For this task, each listener was informed, before the presentation of each stimulus, whether the given utterance was spoken with an intended idiomatic or literal meaning. Two groups of listeners listened to 216 test utterances, separated into blocks so that no utterance was heard in both the literal and idiomatic version by any single listener.
Statistical Analysis
Repeated measures analyses of variance (ANOVAs) were conducted to determine the difference between groups (LHD, RHD, HC) and, within each group, between sentence types (idiomatic vs. literal). Dependent variables were durational and F0 measurements. Separate ANOVAs were carried out for each dependent variable. Independent and pairwise t tests were conducted as post hoc analyses to further examine between-groups and within-group comparisons and to compare between tasks (elicitation vs. repetition). Effect size (partial eta squared) is also reported for each analysis.
To examine the relationship between the acoustic features and native listeners' goodness ratings, a stepwise multiple linear regression procedure was conducted. Correlation coefficients were calculated to further analyze the relationship between individual acoustic features and goodness ratings.
Results
Elicitation Task
Durational Measurements
Syllable-duration variation, final-syllable duration, and percentage of pause duration were selected for reporting here. Typical examples of variability of syllable duration and final-syllable duration within a sentence produced by a speaker from each study group are presented in . Variability of syllable duration. For stimuli obtained from the elicitation task, a repeated measures ANOVA revealed significant main effects in the syllable-duration measure of group, F(2, 123) = 7.39, p = .001, η p 2 = .11; sentence type, F(1, 123) = 41.83, p < .001, η p 2 = .25; and a Group × Sentence Type interaction, F(2, 123) = 10.75, p < .001, η p 2 = .15. In comparing syllable-duration variation between idiomatic and literal utterances obtained by elicitation, sentence-type differences revealed greater variation in idiomatic utterances. Further analysis of the Group × Sentence Type interaction revealed that only the RHD group, t(42) = 8.16, p < .001, and HC group, t(41) = 13.78, p < .001, produced idiomatic utterances with greater variation in syllable duration compared with literal utterances; the LHD group did not show such differences.
Final-syllable duration. Continuing with results for the elicitation task, a repeated measures ANOVA revealed significant main effects of group, F(2, 123) = 26.21, p < .001, η p 2 = .30; sentence type, F(1, 123) = 99.73, p < .001, η p 2 = .45; and a Group × Sentence Type interaction, F(2, 123) = 15.07, p < .001, η p 2 = .20-suggesting a main role of the final syllable in these studies.
Comparing groups, final-syllable durations in idiomatic utterances were significantly longer for the RHD group, t(82) = 22.76, p < .001, and HC group, t(82) = 50.50, p < .001, compared with the LHD group. The three groups did not differ from each other in terms of the final-syllable duration of literal utterances. Further analysis of the Group × Sentence Type interaction demonstrated significant differences in final-syllable duration between idiomatic and literal utterances in the RHD group, t(41) = 9.12, p < .001, and HC group, t(41) = 12.65, p < .001, but not the LHD group. These results reflect better preserved temporal information in the RHD compared with the LHD group.
Percentage of pause duration. A repeated measures ANOVA revealed significant main effects of group, F(2, 123) = 11.16, p < .001, η p 2 = .15, and sentence type, F(1, 123) = 38.39, p < .001, η p 2 = .24. However, there was no Group × Sentence Type interaction. Post hoc analyses of group differences revealed that the LHD group did not show any significant difference in pause duration between the two sentence types. In contrast, the percentage of pause duration was greater for literal utterances in the RHD group, t(41) = −4.557, p < .001, and HC group, t(41) = −9.492, p < .001 (see speakers in the RHD group may have used pausing to discriminate between utterance types, as did those in the HC group.
Summary: Durational measurements of elicited utterances. Durational measurements of elicited utterances revealed that sentence types spoken with contrasting idiomatic or literal meanings differed in duration measures, and these differences varied across groups. There were no significant differences between idiomatic and literal utterances in speakers in the LHD group with respect to three durational measures (syllable-duration variation, finalsyllable duration, and percentage of pause duration) during the elicitation task. The HC and RHD groups produced literal utterances with longer sentence durations and greater percentages of pause duration compared with idiomatic utterances. They also produced idiomatic utterances with greater syllable-duration variation and final-syllable duration compared with literal utterances. Overall, for the elicitation task, speakers in the LHD group made less use of durational cues to differentiate the two types of meanings. However, speakers in the RHD group produced idiomatic and literal utterances comparable to those of the HC group in terms of durational measures.
F0 Measures
The results for F0 variation and sentence-final F0 change are reported here; typical examples as produced by a speaker from each group are presented in F0 variation. When F0 variation measures were compared for elicited stimuli, a repeated measures ANOVA yielded significant main effects of group, F(2, 123) = 33.52, p < .001, η p 2 = .35; sentence type, F(1, 123) = 103.22, p < .001, η p 2 = .46; and a Group × Sentence Type interaction, F(2, 123) = 16.50, p < .001, η p 2 = .21. Group comparisons revealed that the responses elicited from the RHD group differed significantly from those obtained from the other groups in terms of F0 variation for both idiomatic and literal utterances. Speakers in the RHD group produced idiomatic utterances with less variation compared with those in the LHD group, t(82) = 1.92, p < .001, and HC group, t(82) = 1.06, p < .001. Literal utterances elicited from speakers in the RHD group were also produced with less variation than those from speakers in the LHD group, t(82) = 0.79, p = .11, and HC group, t(82) = 0.15, p < .001. Further analysis of the Group × Sentence Type interaction revealed that idiomatic utterances were produced with greater variation in F0 compared with literal counterparts in the LHD group, t(41) = 6.02, p < .001, and HC group, t(41) = 11.07, p < .001, whereas such differences were not shown in the RHD group. The LHD and HC groups showed similar patterns with respect to F0 variation between the two types of utterance. These results suggest that production of pitch contrasts was less successful in the RHD group.
F0 change at the ends of sentences. Measures of F0 on sentence-final syllables in elicited utterances were compared, because these have been revealed to be potent cues to differentiating utterance meanings . A repeated measures ANOVA yielded significant main effects of group, F(2, 123) = 92.90, p < .001, η p 2 = .65; sentence type, F(1, 123) = 60.26, p < .001, η p 2 = .37; and a Group × Sentence Type interaction, F(2, 123) = 14.76, p < .001, η p 2 = .23-indicating that the F0 of final syllables contrasted sentence types differently in the three groups.
Post hoc analyses of the Group × Sentence Type interaction revealed, for elicited utterances, significantly greater F0 change in the last two syllables of idiomatic utterances compared with literal counterparts for both the LHD group, t(30) = 4.46, p < .001, and HC group, t(41) = 8.52, p < .001. However, the RHD group did not show such differences in final F0 change, as shown in The LHD group differed significantly from the HC group in mean final F0 measures of idiomatic utterances. However, the LHD and HC groups showed similar patterns in percentage of change in F0 between the two sentence types. As can be seen in Figure 7 , the RHD group did not manifest this pattern in F0 contrast. Again, the RHD group revealed insufficient use of pitch contrasts in this measure compared with other groups.
Summary: F0 measurements of elicited utterances. F0 measures of utterances elicited from speakers in all three groups showed that idiomatic and literal utterances produced by the HC group differed significantly with respect to overall F0
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, F0 variation, and sentence-final F0 change. For the HC group, idiomatic utterances had higher overall F0, greater F0 variation, and greater F0 change in final syllables compared with literal utterances. Unlike the HC group, speakers with brain damage did not show differences between the two types of sentences with respect to overall F0. However, differences in F0 variation were seen: Speakers in the LHD group produced idiomatic utterances with greater F0 variation and greater F0 change in sentence-final position compared with literal utterances. They produced idiomatic utterances comparable to those of the HC group with respect to F0 variation and final F0 change. However, speakers in the RHD group did not show such differences. It can be inferred that speakers in the RHD group showed a reduced tendency to use F0 cues to differentiate between idiomatic and literal utterances. 
Repetition Task
The repetition task differed from the elicitation task in that an audio-recorded model was provided for repetition by the speakers. Therefore, productions by speakers were evaluated in comparison to measures taken for the modeled utterances.
During the repetition task, all three groups of speakers showed similar patterns to differentiate between idiomatic and literal utterances with respect to all durational measures, likely due to the influence of modeled utterances. Statistical procedures did not yield differences between groups on duration or F0 measures; speakers with brain damage produced the two different types of utterances with durational measures comparable to those of the HC group. For speakers overall, literal utterances were produced with longer sentence duration, longer final syllables, and longer pauses compared with idiomatic utterances. Idiomatic utterances were produced with greater syllable-duration variation and longer final-syllable duration than their literal counterparts.
With respect to F0 measurements during the repetition task, all groups of speakers showed similar patterns: Idiomatic utterances were produced with high overall F0, greater F0 variation, and greater final F0 change compared with literal counterparts. Speakers with brain damage showed comparable performance to those in the HC group in producing F0 cues for idiomatic and literal utterances during the repetition task. These results reflect the effect of speech task on speech performance, and also indicate that F0 and duration cues were available and appropriate when a model was provided. These results indicate that the deficiencies in producing prosodic contrasts in the elicited stimuli may arise from "higher order" programming contingencies and are not the result of peripheral motor deficits.
Relationship Between Goodness Ratings and Acoustic Features of Elicited Utterances
The results from acoustic analyses were further analyzed by examining the relationship between acoustic features and native listeners' goodness ratings of elicited utterances produced by speakers in the three study groups (RHD, LHD, HC) combined. Multiple linear regression revealed that final F0 change, final-syllable duration, F0 variation, and overall sentence duration are significant predictors for goodness ratings of idiomatic utterances in the elicitation tasks, R 2 AQ6 = .641, F(3, 111) = 66.02, p < .001. Further analyses were conducted for each acoustic feature. Significantly strong correlations were found for elicited idiomatic utterances between goodness ratings and final F0 change, r = .75, p < .001, and between ratings and F0 variation, r = .65, p < .001. Examination was also conducted for each group of speakers separately. Whereas final F0 change was the significant predictor of idiomatic utterances for the RHD group, R 2 = .32, F(1, 35) = 16.11, p < .001, final-syllable duration and overall sentence duration were the significant predictors of idiomatic utterances for the LHD group, R 2 = .42, F(2, 33) = 12.15, p < .001. For the HC group, both final F0 change and final-syllable duration were significant predictors of idiomatic utterances, R 2 = .3, F(2, 39) = 8.44, p = 0.001. For literal utterances elicited from all three groups of speakers (RHD, LHD, HC), utterance-final F0 change and F0 variation were significant predictors, R 2 = .48, F(3, 107) = 10.83, p < .001. Further correlation analysis revealed that the F0 difference between idiomatic and literal utterances was moderately correlated with the goodness ratings of elicited literal utterances, r = .31, p < .001. Individual group analysis for elicited literal sentences revealed that final F0 change and overall F0 were significant predictors of literal utterances for the RHD group, R 2 = .38, F(2, 32) = 9.87, p < .001, whereas F0 variation and final F0 change serve as significant predictors of literal utterances for the LHD group, R 2 = .12, F(1, 32) = 4.40, p = .44, and the HC group, R 2 = .16, F(1, 40) = 7.40, p = .1. Statistical analyses on the relationship between acoustic features and native listeners' goodness ratings suggested that some acoustic cues are highly related with the goodness ratings, serving as significant predictors for elicited utterances. Overall, final F0 change and F0 variation were found to be significant predictors for goodness ratings.
Discussion
The purpose of this study was to investigate acoustically the differential contributions of the intact left hemisphere and right hemisphere in persons with hemispheric damage in producing prosodic features used to differentiate idiomatic from literal meanings of ambiguous sentences. One main question addressed the ability of the speakers with LHD and RHD to utilize different acoustic cues to differentiate idiomatic from literal utterances. The other questions addressed the differential effect of speech task on performance.
The acoustic analyses of utterances produced by the HC group in both elicitation and repetition tasks suggest that idiomatic and literal meanings of ditropic sentences are signaled by contrasting, quantifiable acoustic cues in Korean. Healthy native speakers of Korean (HC group) consistently utilized acoustic cues to signal the intended meanings (idiomatic vs. literal) of ditropic sentences; durational cues (syllable-duration variation, final-syllable duration, pause duration) and F0 cues (F0 variation, final F0 change) were seen to contrastively represent idiomatic versus literal meanings of ambiguous utterances. Idiomatic utterances were produced with greater syllable-duration variation and longer final-syllable duration compared with literal utterances. The results of acoustic analyses are consistent with previous findings (Abdelli-Beruh et al., 2007; Van Lancker et al., 1981; in that idiomatic and literal utterances are characterized by specific prosodic contours.
A major finding of this study is that damage to different parts of the brain differentially affected the production of prosodic cues. Acoustic analyses of elicited utterances revealed that, overall, LHD negatively affected the production of durational cues and RHD negatively affected the production of F0 cues, which is consistent with previous studies showing impaired control of temporal parameters Robin et al., 1990; Schirmer et al., 2001; Seddoh, 2004 Seddoh, , 2008 Shah et al., 2006; J. J. Sidtis, 1980; Van Lancker & Sidtis, 1992) and intact ability to control F0 cues in LHD (Ouellette & Baum, 1994; Zatorre, 1997; Zatorre & Belin, 2001 ).
During the elicitation task, speakers with LHD significantly differed from those in the HC group in duration measures. Speakers with LHD failed to modulate durational cues to signal the contrast between idiomatic and literal utterances. Speakers with LHD also exhibited impairment in controlling final-syllable duration, which is compatible with previous research suggesting that individuals with LHD show reduced sentence-final lengthening compared with other participant groups Baum & Boyczuk, 1999; Bélanger, Baum, & Titone, 2009; Danly & Shapiro, 1985 AQ7 ;
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Van Lancker . Significant differences between speakers with RHD and those in the HC group were seen in measures of F0 during the elicitation task. Speakers with RHD showed relatively preserved ability to control duration cues, which is consistent with previous findings Schirmer et al., 2001; Walker et al., 2004) . These findings are compatible with the acoustic cue-dependent hypothesis (Robin et al., 1990 ; J. J. Sidtis, 1980; Van Lancker & Sidtis, 1992) .
The findings of this study reveal that individuals with brain damage showed performance differences between two speech tasks (elicitation vs. repetition). They approximated the performance of speakers in the HC group for durational and F0 cues in the repetition task, whereas they showed significant differences in producing prosodic cues compared with the HC group in the elicitation task. These task-dependent differences provide evidence that phonatory and articulatory parameters of speech may be affected by different speech conditions (Canter & Van Lancker, 1985; Duffy, 1995; Kempler & Van Lancker, 2002; Kent et al., 1999; Schalling & Hartelius, 2004; . A fundamental reason for the discrepancy on the basis of speech task may involve the availability of external or internal visual or timing models guiding a motor act (Freeman, Cody, & Schady, 1993; Georgiou et al., 1993) . For spontaneous speech production, speakers generate a novel action plan and execute and monitor the action using internal models. In repetition, an external model is provided, reducing the burden of planning, execution, and monitoring for the speaker (Max, Guenther, Gracco, Ghosh, & Wallace, 2004) .
Further studies might examine abilities to produce contrasts in idiomatic and literal utterances in association with diagnostic categories in aphasia. A previous report by McCarthy and Warrington (1984) described differential performance in repetition, depending on aphasic diagnosis, in association with high or low semantic content. In a related finding, an individual diagnosed with transcortical sensory aphasia spontaneously produced and repeated formulaic expressions fluently despite a severe semantic disability. Other explorations would do well to compare study groups with and without focal subcortical damage, probing prosodic as well as idiomatic competences (Karow, Marquardt, & Marshall, 2001; D. Sidtis et al., 2009; Van Lancker Sidtis, 2012) .
Acoustic analyses combined with the results from goodness ratings by listeners suggest that combined durational and frequency measurements were linked to the identification and goodness ratings in elicited modes. It was revealed that final F0 change and F0 variation were the most important predictors for the goodness ratings of sentences.
Findings of this study implicate both left and right hemispheres in the production of idiomatic utterances. All speakers with brain damage exhibited impairment in the production of prosodic cues associated with idiomatic sentences during the elicitation task when compared with speakers in the HC group. As measured by acoustic analysis of elicited sentences, speakers with LHD exhibited a diminution of durational cues and relied primarily on final F0 changes to signal the contrast between idiomatic and literal utterances. In contrast, speakers with RHD showed difficulty modulating F0 cues and depended mainly on temporal cues to discriminate between two different types of languages (idiomatic vs. literal) during the elicitation task. However, it is striking to note that speakers with brain damage revealed relatively intact competence at idiomatic and literal utterance production when given a model in a repetition task.
These results suggest that both left and right hemispheres are involved in idiom production and that damage to either hemisphere can impair this ability in spontaneous speech but less so in repetition. The present findings point to specific F0 and durational parameters that are utilized for signaling idiomatic versus literal utterances and implicate left-hemisphere superiority for the control of temporal cues and right-hemisphere modulation of F0 cues in speech production.
The deficit in producing typical elicited idiomatic utterances in speakers with RHD is all the more compelling because RHD is not typically associated with speech or language disorder. In a companion study ( , it has been reported that in an identification task (labeling utterances as literal or idiomatic), healthy listeners perform worse on utterances produced by speakers with RHD than by speakers with LHD or in an HC group. A right-hemisphere specialization for pragmatic communication, including processing of nonliteral expressions, is also supported by our findings. Both the acoustic and functional hypotheses of hemispheric specialization remain viable explanations for these results.
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